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TITLE OF THE INVENTION 
IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image forming 
apparatus that forms an image with a wireless 
communication function of, e.g. a wireless LAN, 
Bluetooth, etc . 

2. Description of the Related Art 

A new type of digital multi-function peripheral 
(in which a copying machine, a facsimile and a printer, 
for instance, are integrated) is optionally equipped 
with a wireless LAN module, thereby to perform a 
wireless communication function. In recent years, 
Bluetooth, which is a short-distance wireless 
communication standard, has been developed. Such a 
digital multi-function peripheral can optionally 
support the Bluetooth standard. 

There has been a demand for the advent of a 
digital multi-function peripheral with a built-in 
wireless communication function. There is such a 
problem, however, that the radiation characteristics of 
an antenna, which is provided on an outer casing of the 
digital multi-function peripheral, vary depending on 
the condition for installation of the antenna. 

BRIEF SUMMARY OF THE INVENTION 

The object of an aspect of the present invention 
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is to provide an image forming apparatus wherein the 
condition for installation of an antenna is optimized. 

According to an aspect of the present invention, 
there is provided an image forming apparatus 
5 comprising: a main body of the image forming apparatus; 

a wireless LAN module that is provided inside a rear 
surface of the main body of the image forming 
apparatus; an antenna that is provided on the rear 
surface of the main body of the image forming 

10 apparatus; and a cable that connects the wireless LAN 

module and the antenna with a shortest distance. 

Additional objects and advantages of an aspect of 
the invention will be set forth in the description 
which follows, and in part will be obvious from the 

15 description, or may be learned by practice of the 

invention. The objects and advantages of an aspect of 
the invention may be realized and obtained:.by:.. means . of 
the instrumentalities and combinations particularly 
pointed out hereinafter. 

20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
invention, and together with the general description 

25 given above and the detailed description of the 

embodiments given below, serve to explain the 
principles of an aspect of the invention. 



FIG* 1 shows an external structure of a digital 
multi-function peripheral according to an image forming 
apparatus of the present invention; 

FIG. 2 shows an external structure of the digital 
multi-function peripheral, as viewed from the rear side 
thereof; 

FIG. 3 shows an example of amounts of attenuation 
in relation to the length of a cable; 

FIG. 4 shows an external appearance of an upper 
part of the digital multi-function peripheral, as 
viewed from the rear side; 

FIG. 5 shows radiation characteristics of a main 
antenna; 

FIG. 6 shows radiation characteristics of 
a sub-antenna; and 

FIG. 7 shows an external appearance of the digital 
multi-function peripheral, as viewed from above : : ^ 
DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will now be 
described with reference to the accompanying drawings. 

FIG. 1 shows an external structure of a digital 
multi-function peripheral (MFP) according to an image 
forming apparatus of the present invention. The MFP 1 
includes a plurality of sheet feed cassettes 2, which 
is provided at a lower front part of the MFP 1, and 
an operation panel 3, which is provided at a upper 
front part of the MFP 1. Further, a reversing 



automatic document feeder (RADF) 4 is mounted on top of 
the MFP 1. 

FIG. 2 shows an external structure of the rear 
side of the MFP 1 shown in FIG. 1. The rear side of 
the MFP 1 is provided with a main antenna 5 and 
a sub-antenna 6, as will be described later in detail. 
Each of the main antenna 5 and sub-antenna 6 comprises, 
for instance, a dual-band antenna. 

As is indicated by broken lines in FIG. 2, 
a control board 7 is provided on the inside of the rear 
surface of the MFP 1. A control unit 8, such as a main 
CPU, which controls the entirety of the MFP 1, and 
a wireless LAN module 9, are mounted on the control 
board 7 . The main antenna 5 and sub-antenna 6 are 
connected to the wireless LAN module 9. 

Next, as regards the above-described structure, 
the setting .of .the antennas according to a :first 
embodiment of the invention is described. 

In the case of the MFP 1, the front side is 
occupied by the sheet cassettes 2, a jam process access 
path, etc. Due to such constraints on the arrangement 
of structural components, the control board 7 is 
disposed on the inside of the rear surface, as 
mentioned above. 

In order to maintain gains of the main antenna 5 
and sub-antenna 6, it is necessary to suppress the 
amount of attenuation that occurs due to the length of 



the cable connected to the wireless LAN module 9* 

Hence, in the first embodiment, the main antenna 5 
and sub-antenna 6 are disposed on the rear surface of 
the MFP 1, thereby to prevent an increase in length of 
the cable that is connected to the control board 7. 
Thereby, the length of the cable is reduced to a 
minimum. 

FIG. 3 shows an example of amounts of attenuation 
in relation to the length of the cable. In the case of 
2 GHz, the amount of attenuation is 2.1 dB when the 
cable length is 0.8 m, the amount of attenuation is 
2 . 6 dB when the cable length is 1.0 m, and the amount 
of attenuation is 3.1 dB when the cable length is 
1.2 m. In the case of 5 GHz, the amount of attenuation 
is 3.2 dB when the cable length is 0.8 m, the amount of 
attenuation is 4.0 dB when the cable length is 1.0 m, 
and the amount of attenuation is 4.8 dB: when the cable 
length is 1.2 m. 

As has been described above, according to the 
first embodiment, since the control board 7 with the 
wireless LAN module 9 is provided on the rear side, the 
main antenna 5 and sub-antenna 6 are provided on the 
rear surface of the MFP 1 and the amount of attenuation 
due to the length of the connection cable can be 
minimized . 

By providing the main antenna 5 and sub-antenna 6 
on the rear surface of the MFP 1, the guideline for 



dosage of electromagnetic energy emitted by the 
wireless equipment (i.e. 22 cm or more of distance 
between the wireless equipment and the operator) can be 
observed. In other words, since the main antenna 5 and 
sub-antenna 6 are provided on the rear surface of the 
MFP 1, a predetermined distance can be secured from the 
operation panel 3 of the MFP 1, which the user operates 
directly. 

The condition for installing the antennas 
according to a second embodiment of the invention is 
described. 

FIG. 4 shows an external appearance of an upper 
part of the MFP 1, as viewed from the rear side of 
MFP 1. 

As regards the condition for installation of 
antennas on the rear surface of the MFP 1, the casing 
itself becomes an obstacle for radiation if the . 
antennas are installed anywhere within the casing (in 
a direction toward the front surface of MFP 1) . 

In the second embodiment, the condition for 
installation of the main antenna 5 and sub-antenna 6 in 
the height direction is optimized. 

It was confirmed, as a result of measurement, that 
in the case where the reversing automatic document 
feeder (RADF) 4 is mounted, if the main antenna 5 and 
sub-antenna 6 are installed at a position higher than 
a position that is lower by 1 cm than the uppermost 



part of the RADF 4, the degradation in performance of 
the main antenna 5 and sub-antenna 6 is small. 

As has been described above, according to the 
second embodiment, in the case where the reversing 
automatic document feeder (RADF) 4 is mounted, 
degradation in performance of the antennas can be 
prevented by installing them at a position higher than 
a position that is lower by 1 cm than the uppermost 
part of the RADF. 

The condition for installation of the main antenna 
and sub-antenna according to a third embodiment of the 
invention is described. 

As regards the reversing automatic document feeder 
(RADF) 4, a mechanism section 4a for feeding and 
reversing paper sheets is disposed on the left side of 
the MFP 1, as viewed from the front side (see FIG. 1) . 
Since -the mechanism section 4a itself is an . obstacle to 
radiation, the main antenna 5 is disposed on a side 
opposite to the rear surface of the mechanism section 
4a, whereby the radiation characteristics are improved 
(see FIGS . 1 and 2) . 

However, in a case where the main antenna 5 is 
disposed on the right side of the rear surface of the 
operation panel 3, the mechanism section 4a also 
becomes an obstacle to radiation, and the radiation 
characteristics are degraded. 

FIG. 5 shows radiation characteristics of the main 



antenna 5. Data 1 indicates horizontal radiation 
characteristics, and Data 2 vertical radiation 
characteristics. The radiation characteristics of the 
main antenna 5 are illustrated such that front side of 
the MFP 1 is set at zero degree, the right side is set 
at 90 degrees, the rear side is set at 180 degrees, and 
the left side is set at 270 degrees. As is understood 
from FIG. 5, the characteristics in a range between 
about 270 degrees and about 315 degrees are degraded. 

The sub-antenna 6 is disposed at such a position 
as to be able to cover the range associated with the 
degradation in characteristics, thereby compensating 
the degraded radiation characteristics. 

FIG. 6 shows radiation characteristics of the 
sub-antenna 6. Data 1 indicates horizontal radiation 
characteristics, and Data 2 vertical radiation 
..characteristics. Like FIG. 5, the radiation - . . 
characteristics of the sub-antenna 6 are illustrated 
such that front side of the MFP 1 is set at zero 
degree, the right side is set at 90 degrees, the rear 
side is set at 180 degrees, and the left side is set at 
270 degrees. As is understood from FIG. 6, the 
degraded characteristics of the main antenna 5 in the 
range between about 270 degrees and about 315 degrees 
are compensated. 

As has been described above, according to the 
third embodiment, the sub-antenna 6, as well as the 



main antenna 5, is provided. Thereby, degradation in 
radiation characteristics is suppressed. 

A fourth embodiment of the present invention will 
now be described. 

In a case where a Bluetooth function is provided 
along with the above-described wireless LAN function, 
interference occurs when these communication functions 
are used at the same time. The fourth embodiment aims 
to optimize the condition for installation of antennas 
so as to minimize the interference due to the same-time 
communications using the Bluetooth function and 
wireless LAN function. 

FIG. 7 shows an external structure of the MFP 1, 
as viewed from above. The front side of the MFP 1 is 
indicated by an arrow in FIG. 7. The rear surface of 
the MFP 1 is provided with the main antenna 5, 
;sub-antenna 6 and a Bluetooth antenna, 1.0- that . is used : 
for the Bluetooth function. The interval between the 
antennas is set at 200 mm or more. 

According to the fourth embodiment, the Bluetooth 
antenna 10 is disposed between the main antenna 5 and 
sub-antenna 6. Thereby, it becomes possible to 
suppress the adverse effect of interference due to 
same-time communications using the Bluetooth function 
and wireless LAN function. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
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the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
5 spirit or scope of the general inventive concept as 

defined by the appended claims and their equivalents. 



